Abstract-In this paper we show the optimal solution of the beamforming vectors of a multicast setting, in which the transmitter has multiple antennas that sends common data to multiple receivers. We consider two important applications such as the multicasting scenario itself and the use of the common information in a superposition coding scheme known as the Cover I1I -Van der Meulen 121-Hajek -Pursley's
I. INTRODUCTION
T HE capacity of the the single input single output (SISO) broadcast channel has been known to be achieved by a combination of superposition coding and successive interference cancellation (SIC). This is true for Gaussian channels with the degraded property, where one user has a noisier version of the other users channels [4] . However, the multiple input multiple output (VMIMO) downlink channel is a non-degraded channel and this property makes the use of superposition coding with SIC suboptimal. In the case where we have perfect channel state information (CSI) dirty paper coding (DPC) is an optimal strategy that achieves the capacity of the MIMO broadcast channel [5] - [6] and several practical progresses using source-channel coding in the dirty paper channel have been made in this area [8] - [lO] . However, there is still some difficulty in practically implementing this scheme due to high complexity. This motivated a search for suboptimal schemes with fair complexity. CMHP is a strong candidate for such need and has been shown to have better performance compared to TDMA, zeroforcing and MMSE.
CMHP also has fair complexity since it requires only beamforming transmitters and SIC receivers. In addition, CMHP performs better than DPC in high SNRs and nearly as well as DPC in low SNRs if only limited CSI is available at the transmitter [11] . Although the simple structure where it only needs beamforming at the transmitter and SIC at the receivers, the optimization for the parameters at the transmitter (e.g beamforming vectors and power allocation)
is not an easy task. As will be explained in the upcoming sections, CMHP makes use of a common information term where it is defined as the data decodable to all users In [7] the authors use an iterative algorithm that iterates between power optimization and beamforming optimization. As a part of this iteration, we will show the optimal beamforming solution for the common information. The organization of this paper is as follows. Section II describes the multiuser MISO system model with common data. We will review the CMHP and show our main result in Section III. Finally, Section IV concludes the paper. jpj<P Ro < min log 1
hj hu hu1h 2 hk is the channel vector, Uk is the beamforming vector, and Pk is the power allocated to user k with total power constraint Pmax, where k=O is the index for the common information. R1,R2 are the achievable rates of private information for user 1 and user 2 respectively. RO is the achievable rate of the common information that user 1 and user 2 can both decode. We ensure this by taking the minimum of RF sent to user 1 or user 2 Notice that the common information does not necessarily hold common decoded at both user 1 and, user 2, not only can we send data intended for both users, we can use the common information term to send private information to user 1 or user 2. The user that is assigned the private information should just d.ecode Ro, and, the user that does not have his data assigned decodes Ro and does successive interference cancellation.
This will enable the unassigned user to increase its SINR that is free of the interference caused from the common information. For each user we will pick the optimal powers and beamforming vectors that maximizes the weighted, sum rate. For the process of optimizing the beamforming vectors, we make use ofthe transformation results in [ 12] . The duality result in [12] tells us that if the sum power constraints are the same, using the same beamforming vectors for the original broadcast channel and the dual MAC channel, we can have the same set of SINR's that results in the same rate in both domains. We use this result to convert the original BC beamforming problem to its dual MAC problem. We do this since the process of finding the optimal beamforming vectors in the BC domain is more complicated than finding it in the MAC domain. This is because the optimal beamforming for MAC channels are known to be the MMSE receiver beamforming.
In the CMHP case, however, because common information is defined as irnn lo (I li ju0 Po I + ph'ullpj + Ihju2 2p2} general BC-MAC duality is not satisfied. In [7] , the results of the BC-MAC duality has been extended to hold, for any general interference cancellation scheme. For CMHP, however, we need to extend the original broadcast region by treating the two rates inside the min( operation as individual users. We will index these extended virtual users as user 3 and 4. The extended rate region is shown as follows. Figure 3 -a, the first case shows that the angle between h' and the one of two dotted lines which represents h' -h' and h' + h' is more than 90 degrees. The reason why we also consider h1 + h' is that the absolute value of the projection is compared not the signed value. In this case we determine the direction of the projection vector uo to be the same as h. We can find the same representation for the second case analogously just by exchanging the index of the effective channel. The first case and second case are distinct because if one angle of the triangle is more than 90 degrees, then the other angle must be less than 90 degrees. The third case happens if the angles between the dotted line and each effective channel is equal or less than 90 degrees. This can be further divided into two subcases denoted by (3-a) and (3-b) in Theorem 1. (3-a) concerns the case where the angle between h' and h' is more than 90 degrees, and the solution for this case is U02. This is because the absolute value of the projection of the effective channel on U02 is always larger than the absolute value of proiecting the effective channel on uo1 in this case. Similarly, the solution is uo1 for the (3-b).
The 3 cases are disjoint and covers all possible channel instances. We can also see that each of the 3 optimal solutions of uo corresponds one of the three cases one to one. Moreover, in the extended system one of the following must be satisfied for the optimal powers and beamforming.
R3 < R4 R3 > R4 R3 = R4 When R3 < R4 is satisfied, the only possible uo is one of three case, in exact uo is I When R3 = R4or R3 > R4 is satisfied, uo is also determined in the same context. We can find the following relation between these two. 
